What is known and Objective: Inappropriate antibiotic use is the leading cause of antibiotic resistance especially in developing countries, where patient management is mainly based on the prescription of medicines due to deficiencies in diagnostic procedures. The objective of this study was to conduct a systematic review of studies on knowledge, attitude and practice of health practitioners towards antibiotic prescribing and resistance in developing countries.
| WHAT IS K NOWN AND OBJEC TIVE
Antibiotics are important for the treatment of bacterial infections, but their inappropriate use is the leading cause of antibiotic resistance. 1 With the global increase in antibiotic resistance, which is a threat to public health, there is need for the appropriate use of antibiotics. 2 For the rational use of drugs, patients need to receive medications appropriate for their clinical needs for an adequate period of time. 3 It is important to have knowledge about antibiotic use patterns to find a positive way towards solving the problems of antibiotic resistance due to the multiple antibiotics available; this is especially important in developing countries where the cost of health care is of utmost importance. 4 Recommendations and strategies to combat the problem of irrational antibiotic use were established by the World Health
Organization (WHO). 5, 6 Antibiotic stewardship programmes, which have been proven to encourage rational antibiotic use, are now established in most developing countries. 7 However, the use of such guidelines or establishment of such programmes is more difficult in developing countries due to resource limitations. 8 In developed countries, inappropriate antimicrobial drug use is well described, but the use of antibiotics in developing countries is less well documented. 9 Data on the perceptions of health practitioners towards antibiotic use and resistance could provide baseline information, such as important target areas, for urgent interventions including the development of antibiotic use policies, as well as setting up and promoting the use of antibiotic stewardship programmes. Thus, our objective was to conduct a systematic review of studies on the knowledge, attitude, and practice (KAP) of health practitioners towards antibiotic prescribing and resistance in Africa, Asia and South America.
| ME THODS

| Literature review and eligibility criteria
We registered the review with PROSPERO, registration number CRD42018085664. We conducted a systematic search with predetermined terms using MEDLINE and EMBASE (see Appendix 1) and used EndNote Library (X7) to manage the references we obtained. We ended the search on 20 August 2017. Two independent researchers (PSC and JH) selected the relevant studies according to the PRISMA protocol, 10 assessed the quality of the included studies and extracted the relevant data. We initially reviewed the studies using their titles and abstracts to identify the relevant studies, followed by the review of the full texts of the eligible studies for final inclusion. Where differences existed, the researchers discussed to reach a consensus. We retrieved the selected articles online; those not retrievable were obtained through interlibrary loans.
We included studies conducted in developing countries that focused on doctors, nurses, pharmacists, final-year medical students and pharmacy students, as these groups are mainly involved (or would be involved) in prescribing or dispensing antibiotics. We defined developing countries as countries with developing economies according to the classification by the United Nations (World Economic Situation and Prospects). 11 Outcomes of interest were knowledge on antibiotic use, knowledge on local antibiotic resistance, extent of the problem of antibiotic resistance, confidence in antibiotic prescribing, commonly used guides when prescribing antibiotics and recommendations to improve antibiotic prescribing. We excluded studies that assessed only other indicators (such as having problems with writing prescription, factors influencing decision to prescribe antibiotics or the use of microbiology laboratory) or focused on a specific disease or antibiotic. Studies were restricted to those conducted in English or French languages; there was no restriction on the timing of the study.
| Data extraction and quality assessment
We extracted the required data into a standardized Microsoft Excel 2010 data extraction sheet which we also used to compute the data.
Scoring tools used to assess the quality of studies are better established for interventional studies than for observational studies. used for qualitative studies, the parameters assessed are all applicable for quantitative surveys and additional details specific for such surveys were provided where necessary. We therefore adopted this tool to assess both the qualitative and quantitative studies included in our systematic review. The tool includes nine questions, and each has four possible answers (with the allocated points in brackets): "good (4)," "fair (3)," "poor (2)" or "very poor (1) ." For each study, the minimum score is nine points, and the maximum score is 36 points. Quality grades were defined as follows: high quality (A): 30-36 points, medium quality (B):
24-29 points and low quality (C): 9-23 points 13 (see Appendix 2) . As PSC is also the first author for one of the studies, another researcher (DG) was consulted to independently assess the quality of this paper (with the names and affiliations of the authors blinded).
| Data analysis and reporting
We summarized the data into proportions and means. Where a study reported results as Likert scale, we modified the results to a binary method and excluded responses for "unknown" or "neutral" where these options were included. Where assessment of an outcome was reported using single items, we calculated the average of the proportions of respondents for the items. Where a group (eg doctors) were substratified (eg resident and attending physicians), we obtained the average for the reported proportions. Regarding the commonly used guide when prescribing antibiotics, and the recommendations to improve antibiotic prescribing, we extracted the three most common options provided. Where the study was qualitative, we reported the results descriptively, as provided. We followed the PRISMA checklist for reporting systematic reviews to report our review as appropriate (see Appendix 3).
| RE SULTS
| Study characteristics and quality assessment
The systematic search resulted in a total of 384 papers, with 345 papers left after removing duplicates, and 28 relevant papers upon reviewing titles and abstracts. Of these, 15 articles fulfilled our inclusion criteria upon full-text review ( Figure 1 were cross-sectional, 13 were quantitative studies using questionnaires, and two were qualitative studies. A total of 3066 participants were included ( Table 1) . Ten of the studies were of medium quality (score of 24-29 points), three were of low quality (score of 9.0-23 points), and two were of high quality (score of 30-36 points) (see Appendix 2).
| Level of knowledge on antibiotics
Nine studies reported on participants' awareness and knowledge on antibiotics. 17, [19] [20] [21] [22] [25] [26] [27] [28] Reported knowledge on antibiotics was either based on correct answers to questions that assessed participants' knowledge or based on self-assessment. Based on correct answers, two of the studies reported level of knowledge based on the proportion of respondents with correct responses to questions that assessed their knowledge, with an overall proportion of 80.9%.
19,26
Three of the studies reported mean score of knowledge as 5.9 of 10 (SD ± 1.3), 25 6.0 of 7.0 (SD ± 1.3) 17 and 4.7 of 7 (SD ± 1.29). 27 Thriemer et al 21 reported a proportion of 60.9% of the respond- 
| Knowledge on local antibiotic resistance and the extent of the problem of antibiotic resistance
Five studies reported on the participants' knowledge on local resistance patterns of pathogens in their health facilities. 14, 15, 17, 25, 27 Overall, an average of 39.6% was aware of the local resistance pat- The antibiotic resistance problem in their hospital was rated to be less (by 54.0%), similar (by 22.0%) and greater (by 9.0%) than globally. 28 Hadi et al 23 reported that 88.4% of the respondents stated that "antimicrobial resistance has become a public health issue", and
Chandy et al 22 reported that many of the participants "felt that the problem of antibiotic resistance was restricted to hospitals".
| Confidence in prescribing antibiotics
Seven studies reported on participants' confidence in prescribing antibiotics. 15, 17, 18, 21, [25] [26] [27] Overall, 78.2% of the participants reported that they were very confident or confident. However, in the study by Quet et al 25 , it was reported that 72.5% of the respondents reported having difficulties with prescribing the correct antibiotics, and Garcia et al 17 reported that 31% of the respondents agreed that it is difficult for them to select the correct antimicrobial; thus, by average from these two studies, 51.8% had difficulty choosing the right antibiotic.
| Commonly used guide and recommendations to improve antibiotic prescribing
Six studies reported on respondents' commonly used guides when prescribing antibiotics. 15, 17, 21, [25] [26] [27] Most widely reported was advice from the colleagues (Table 2 ). Six studies reported on recommendations to improve antibiotic prescribing, mainly in the form of increasing the awareness of prescribers on rational antibiotic use, the use of standard guidelines and policies, and microbiology support 16, 17, 22, [24] [25] [26] (Table 3) .
| D ISCUSS I ON
We conducted a systematic review of studies on the KAP of healthcare providers on antibiotic use and resistance in developing countries. Although there was a high reported proportion of participants with a good level of knowledge on antibiotics based on knowledge questions, participants reported as having a knowledge score above the midpoint of the score scale were not comparatively high.
The level of confidence on antibiotic prescribing was also high, but knowledge on local resistance patterns was low. The extent of the problem of antibiotic resistance was deemed to be more of a general than a local problem.
Theoretical knowledge on antibiotics and their use, based on the proportion of participants with right answers to knowledge questions, was reported generally high, as similarly reported in developed countries. 29 However, overall judgement of the level of knowledge would be difficult due to the different assessment methods used by different studies. Nevertheless, considering the two approaches most commonly reported, knowledge on antibiotic use could be considered to range from being fairly good to good. For example, the overall proportion of respondents with right answers to all knowledge questions was 80.9% in two studies, 19, 26 whereas 60.2% of respondents were reported to have a knowledge score above the midpoint of the scale in two studies. 20, 21 All the other studies, which provided only the mean knowledge score of their participants, reported that they were higher than the respective midpoints of their scales. 17, 25, 27 Less than half of the respondents are aware of the local resistance patterns of selected organisms. Participants viewed antibiotic resistance to a lesser extent as a problem in their practice and in their health facilities, when compared to nationally, globally or generally. This could be explained by the limited awareness of the local antibiotic resistance patterns in their respective health facilities, either due to the limited use of microbiology laboratory to guide antibiotic therapy 30, 31 or due to other factors such as limited microbiology services or lack of trust on the provided results. 26 A study from developed countries also showed similar findings, as health practitioners reported having a limited knowledge of the local resistance patterns and viewed antibiotic resistance to be less of a problem locally than nationally. 32 It is important to note that the use of antibiotics without adequate knowledge on local resistance patterns could contribute to irrational antibiotic use, treatment failure and increased spread of antibiotic resistance.
8,33
Although infectious diseases are more common in developing countries, thus possibly leading to the more use of antibiotics compared to developed countries, the diagnoses and rationale to use antibiotics are often clinically based, with minimal laboratory investigations. 34 However, clinical diagnosis of bacterial infectious diseases could be challenging, especially in children, due to the nonspecific manifestation of symptoms and signs of infection in this age group. 35, 36 Thus, culture-guided management of infectious diseases, as well as availability of experts in the area of infectious disease, would increase diagnostic certainty, a more rational antibiotic use, and save cost. The "Sanford Guide on Antimicrobial Therapy"
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| WHAT IS NE W AND CON CLUS I ON
A high proportion of participants were reported to have a good knowledge on antibiotic use and a high level of confidence in antibiotic prescribing. Awareness on local antibiotic resistance was, The review was limited by the small number of studies, although they fairly represent all the regions of the developing countries.
There were also differences in the methods used to assess the outcomes which affected the computation of the data and could affect the generalizability of the results. Additionally, the studies were questionnaire-based; thus, it could have been possible that respondents answered the most favourable options or consulted colleagues or literature to answer certain questions rather than stating their real practice. Most of the studies were of medium quality, mainly affected by the lack of sample size justification during sampling (leading to low scores for sampling) which also had a direct impact on the scoring for transferability or generalizability of the studies. The issue of ethics and bias was also less well addressed compared to the other assessment questions. Most of the studies failed to address issues relating to own bias. Although scores for the implications and usefulness of the studies were relatively high, most of the studies concentrated on suggestions for policy, whereas only six studies suggested ideas for further research.
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